Neurofibroma is a common benign tumor, occurs anywhere in the body, grows continuously, and often becomes very large. 5-10% of neurofibromas undergo malignant change. Surgical excision is the most effective method to control this tumor. However, it is hard to excise the tumor completely, and even partial excision is difficult due to the risk of hemorrhage. A 40-year-old female presented to our clinic with a huge neurofibroma on the back and posterior neck, and underwent surgical excision. She had uncontrolled bleeding during and after the operation, so she stayed in the intensive care unit for airway maintenance and hemodynamic stability (massive transfusion). After resuscitation, she had an extensive wound, repeated surgery nine times, and was hospitalized for fifty-four days. The lessons from this case when we excise huge neurofibromas are the following. 1) It is undesirable to excise tissues around the vital organs. 2) A careful preoperative design considering postoperative swelling and hemorrhage is necessary. A high tension in different directions after removal of the tumor may cause wound problems. 3) It is helpful to ligate feeding vessels via preoperative computed tomography angiography or angiogram.
Introduction
Neurofibromatosis is an autosomal-dominant inheritable syndrome characterized by the presence of benign soft-tissue tumors within the peripheral nerves. It occurs anywhere in the body, continues to grow, and often becomes very large. Many different types of treatment have been tried for neurofibromatosis such as radiation, chemotherapy and gene therapy, but surgical excision is still the most effective method to control this tumor. 1, 2 It is difficult to manage, however, as it is highly vascular and extensively infiltrative.
We wish to share the experience of life threatening hemorrhage and wound problems after huge neurofibroma reduction and discuss cautions when performing neurofibroma reduction, with this case as an example.
Case
In 2015, an otherwise healthy 40-year-old Asian woman was hospitalized for a giant neurofibroma of the upper back and posterior neck ( Figure 1 ). The neurofibroma extended into the midaxillary line and measured 60 × 60 cm. The lesion had been resected partially three times in 2003, 2007, and 2011. In 2011, 1,063 grams of tu-Case Report mor was partially resected, the wound healed uneventfully and the patient was discharged after 14 days. Over the next four years, the tumor gradually enlarged and impaired the patient's daily life. No contrast-enhanced Computed Tomography (CT), Magnetic Resonance Imaging (MRI) or angiography were performed before the operation. The reason why no imaging study was performed is that the extent or depth of invasion could be estimated from the three previous operations.
The operation was performed under general anesthesia in the prone position. A 50 × 30 cm cross (midline with transverse) incision and a 40 × 25 cm U-shaped incision were made from the upper back and posterior neck ( Figure 2 ), and 900 grams of tumor was resected. Profuse bleeding was noticeable during the excision. During the operation, the patient lost over 1,500 mL of blood, so 1,030 mL of blood plasma and red cell suspension was transfused. After a short period of compression, the wound itself was closed in layers with drainage.
Following the operation, a hematoma gradually developed in the neck and back region and the patient felt neck tightness and mild discomfort when breathing. Bedside hematoma evacuations were performed three times, relieving the symptoms for a couple of hours. Despite the evacuations, however, the hematoma continued to grow in the neck region and threatened to endanger the patient's breathing and vital circulation.
On postoperative day (POD) 2, the patient was moved to the Intensive Care Unit for mechanical ventilation and hemodynamic stabilization. Her hemoglobin level dropped to 5.9 g/ dL (from 12.3 g/dL) despite massive transfusions during the first four postoperative days (Red Blood Cells 40 packs, Fresh Frozen Plasma 32 packs, Platelet 24 packs). The patient was tachycardic and hypotensive, with the mean arterial pressure dropped to 55-65 mmHg with the use of vasopressors (norepinephrine (0.1 mcg/kg/min). Contrast enhanced CT angiogram to find the feeding vessels to the tumor followed by vascular intervention was considered. However, CT angiogram did not find the feeding vessels, but multifocal extravasation with extensive hematoma, so embolization could not be performed.
On POD 4, her hemoglobin level began to rise with the transfusion and we assumed that profuse bleeding had stopped. With the hemodynamic stabilization and release of neck tightness, the endotracheal tube was removed. On POD 5, the patient was shifted to a general ward. There were a wide range of wound dehiscence and necrosis along the margin (Figure 3) . Wet-to-dry dressings were applied three times throughout the day until the wound was cleared of all non-viable tissue. Wound edges were approximated by local advancement flaps to cover the defect, and remaining wounds that were difficult to suture were covered by splitthickness skin grafts (Figure 4) .
On POD 49, the surgical wound eventually healed and the patient was discharged, and examined regularly in an outpatient clinic. There was considerable improvement in her appearance and mobility ( Figure 5 ).
Discussion
Neurofibromatosis excision is difficult because of the intractable hemorrhage, so it usually excised in stages with large tumors. [1] [2] [3] Many different surgical techniques have been developed to reduce perioperative hemorrhage such as electrosurgery, 4 LigaSure system, 5 and application of adhesive or thrombotic materials. 6 However, they are ineffective in friable tissues, as it is difficult to find the edge of vessels. 7 Resection using Tsukisui device does not require extended surgical time and special skills, but the size of the tumor that can be resected tends to be limited. 8 Undersewing the feeding vessels is an effective way to control the bleeding, as it ligates the vascular pedicle, 11 but it is limited, as bleeding is profuse and the edge of vessels can be hard to find. Non-encapsulated tumors mingling with surrounding tissues and thin walled abnormal feeding vessels make it more difficult to control the hemorrhage. 10, 11 Preoperative intravascular embolization has many advantages, and it is a useful treatment for life-threatening hemorrhage. However, embolization poses a risk of skin necrosis, and the precise target vessel cannot always be found. 12, 13 Skin necrosis can be reduced with a distal embolization technique. 14 Although life-threatening intraoperative and postoperative hemorrhage in neurofibroma is uncommon, it has been reported in the literature. Most refer to hemodynamic instability due to intractable bleeding causing life-threatening hematoma in neurofibroma, 15 although airway compression caused by hematoma is another important mechanism.
In our case, the patient underwent three previous operations for the neurofibroma. In the third operation (2011), 1,063 grams of tumor was partially resected; the wound healed uneventfully. At that time, operation was performed only on the back region, not on the neck region. This time (2015), in comparison, a lesser amount of tumor (900 grams) was resected, but the patient suffered from a life threatening hematoma. We assume the main reason for this was the cross incision we made over the posterior neck region. Too many incisions and too much resection caused massive hematoma in the posterior neck, and eventually neck tightness and airway compression.
Taking this into account, management of neurofibroma must be individualized for each patient. After detailed consultation with the patient, cautious preoperative design considering the amount and extent of the tumor resected should be performed. Special attention should be paid to neurofibromas localized in the neck region, especially near the airway, and excision should not be excessive.
It is important to assess the risk of profuse bleeding preoperatively and autologous blood transfusion should be considered to reduce the amount of allogenic blood transfusion.
Conclusion
In conclusion, when excising a giant neurofibroma, we suggest: 1) It is undesirable to excise tissues around the vital organs, 2) A careful preoperative design considering postoperative swelling and hemorrhage is necessary. A high tension after removal the tumor in different directions may cause wound problems, and 3) It is helpful to ligate feeding vessels via preoperative computed tomography angiography or angiogram preoperatively.
